Vol. 58 IINO et al. from various Japan-originated materials such as rice, sake lees, and fruits. Recently, fi ve novel acetic acid bacteria, which are Saccharibacter fl oricola, Asaia astilbis, Asaia platycodi, Asaia prunellae, and Gluconacetobacter kakiaceti, were isolated from fl owers and kaki vinegar in Japan (Iino et al., 2012; Jojima et al., 2004; Suzuki et al., 2010) . These fi ndings suggest notyet cultivated acetic acid bacteria inhabiting various Japan-originated materials. Recognition of novel acetic acid bacteria interesting in understanding the diversity of acetic acid bacteria and development of the vinegar production. This paper deals with the isolation of novel acetic acid bacteria from stems of sugarcane, fruits, and a fl ower in Japan and the proposal of three novel species in the genus Acetobacter on the basis of morphological, biochemical, physiological, and phylogenetic characteristics.
Materials and Methods

Sources of isolation.
Pieces of the stem of sugarcane (Saccharum offi cinarum), fruits of grape (Vitis vinifera), Japanese plum (Prunus salicina), oriental melon (Cucumis melo var. makuwa), papaya (Carica papaya), peach (Prunus papaya), and pomegranate (Punica granatum), and a fl ower of broad-leaf vetch (Vicia amoena) were collected in Okayama, Okinawa, and Tottori Prefectures in Japan from 2004 to 2007 (Table 1) .
Isolation of acetic acid bacteria. EM1 (Lisdiyanti et al., 2003; Suzuki et al., 2010) and EM6 (Suzuki et al., 2010) media were used for the isolation of acetic acid bacteria. Serial decimal dilutions (10 1 to 10 10 ) of the samples were made with saline; 0.1 ml of each diluted sample was spread on EM1 and EM6 agar plates, and cultivated at 30 C for 2 weeks. Visible colonies grown on agar plates were picked up, and transferred to fresh EM1 or EM6 agar plates. After several purifi cations, 11 pure cultures were obtained (Table 1) . The isolates were maintained on agar slants of GYP medium (Suzuki et al., 2010) . Acetobacter aceti JCM 7641
T (De Ley and Frateur, 1974) , Acetobacter cerevisiae JCM 17273 T (Cleenwerck et al., 2002) , Acetobacter fabarum LMG 24244 T (Cleenwerck et al., 2008) , Acetobacter ghanensis LMG 23848 T , Acetobacter lovaniensis JCM 17121 T (De Ley and Frateur, 1974; Lisdiyanti et al., 2000) , Acetobacter malorum JCM 17274
T (Cleenwerck et al., 2002) , Acetobacter orleanensis JCM 7639 T (De Ley and Frateur, 1974; Lis- (De Ley and Frateur, 1974) , and Acetobacter syzygii JCM 11197 T (Lisdiyanti et al., 2001) were used as reference strains.
Phylogenetic analysis based on 16S rRNA gene sequences. The 16S rRNA gene was amplifi ed by PCR with the two primers as described in a previous paper (Iino et al., 2007) . Purifi ed PCR products were sequenced directly as described previously (Iino et al., 2012) . After alignment of the sequences obtained and those of related species in public DNA databases with ARB software (Ludwig et al., 2004) , phylogenetic trees were constructed by the neighbor-joining method (NJ) (Saitou and Nei, 1987) with the CLUSTAL_X program (Thompson et al., 1997) , and by the maximum-likelihood method (ML) with the MOLPHY software version 2.3b3 (Adachi and Hasegawa, 1995; Felsenstein, 1981; Hasegawa et al., 1985) .
Determination of the genomic DNA G+C content and DNA-DNA relatedness. Cells of the isolates cultivated on the GYP agar plate at 30 C for 2 days were used for the determination of the genomic DNA G+C content. The genomic DNA was extracted and purifi ed by the method of Saito and Miura (1963) . The DNA G+C content of the isolates was determined with HPLC model LC-20AD equipped with spectrophotometer detector model SPD-M20A (Shimadzu) and Cosmosil 5C 18 -MS-II column (Nacalai Tesque) as described by Tamaoka and Komagata (1984) . DNA-DNA relatedness was determined by fl uorometric DNA-DNA hybridization by using a photobiotin-labeled DNA probe (Ezaki et al., 1989) . Reference strains used were selected on the basis of the phylogenetic analysis based on 16S rRNA gene sequences. More recently, Acetobacter farinalis has been validated (Tanaspawat et al., 2011) . However, the DNA-DNA hybridization was not performed because all the isolates signifi cantly differed from A. farinalis in the phylogenetic position based on 16S rRNA gene sequences ( Fig. 1 ) and many phenotypic characteristics (Table 3) .
Quinone analysis. Cells of the isolates cultivated on the GYP agar plate at 30 C for 2 days were used for the determination of the major quinone. Quinones were extracted with chloroform-methanol (2 1, v/v), and purifi ed by thin layer chromatography (TLC). The quinones were determined with HPLC model LC-10AD equipped with spectrophotometer detector model SPD-M10Avp (Shimadzu) and a Cosmosil 5C 18 column (Nacalai Tesque) described by Komagata and Suzuki (1987) .
Characterization of phenotypic characteristics. Phenotypic characterization was carried out by the methods described by Lisdiyanti et al. (2000 Lisdiyanti et al. ( , 2001 ). Growth temperatures were tested at 5, 10, 15, 20, 25, 30, 37 , and 42 C. The production of cellulose was confi rmed by the method described by Navarro et al. (1999) . L-Arabinose and 13 other sugars, dulcitol and two other sugar alcohols, and ethanol and three other alcohols were used for acid production (Table 3) , referring to the description by Lisdiyanti et al. (2000 Lisdiyanti et al. ( , 2001 . Acid production was determined for the four reference strains on fi ve sugars because the production from the sugars has not been reported yet (Table 3) . The tree was based on an alignment of 1,318 bp of 16S rRNA gene sequences, and constructed by the neighbor-joining method. Numbers at nodes indicate bootstrap percentages, derived from 1,000 bootstrap replications (numbers before the slash are determined by the neighbor-joining analysis, and those after the slash are by the maximum-likelihood analysis); values of 70% or more are shown. Dots indicate that the corresponding nodes were recovered in the tree generated with the maximum-likelihood algorithm. , values of 70% or less. Bar, 0.002 substitutions per nucleotide position.
Vol. 58 IINO et al. 
Results
Almost complete 16S rRNA gene sequences (approximately 1,400 bases) were determined for the eleven isolates. The phylogenetic analysis showed that the isolates were separated into three groups, Groups I, II, and III, in the genus Acetobacter (Fig. 1) . The topologies of the trees by NJ and ML (data not shown) were almost identical to each other. The seven isolates 1-35 T , 1-34, 1-37, T-622, T-626, T-639, and T-640 in Group I formed a distinct subline with A. fabarum, A. ghanensis, A. lovaniensis, and A. syzygii Genomic DNA G+C contents of Groups I, II, and III were 59.2 59.4, 60.5 60.7, and 58.7 58.9 mol%, respectively (Table 3) . DNA-DNA hybridization was carried out on the isolates with the type strains of Acetobacter species, which were selected in the light of the phylogenetic relationship with 16S rRNA sequences. (Table 4) . Strains 1-25 T and 1-26 in Group II showed high values of DNA-DNA relatedness of 100% to each other, but showed low values less than 41% to A. peroxydans JCM 25077
T . Strains T-120 T and T-122 in Group III showed high val- (Cleenwerck et al., 2002; Lisdiyanti et al., 2000 Lisdiyanti et al., , 2001 ; 5, A. syzygii (Lisdiyanti et al., 2001; Ndoye et al., 2007) ; 6, A. papayae (n = 2); 7, A. peroxydans (Cleenwerck et al., 2002; Lisdiyanti et al., 2000 Lisdiyanti et al., , 2001 ; 8, A. persicus (n = 2); 9, A. cerevisiae (Cleenwerck et al., 2002) ; 10, A. farinalis (Tanaspawat et al., 2011); 11, A. malorum (Cleenwerck et al., 2002; Ndoye et al., 2007) ; 12, A. orleanensis (Cleenwerck et al., 2002; Lisdiyanti et al., 2000 Lisdiyanti et al., , 2001 ; and 13, A. aceti (Cleenwerck et al., 2002; Lisdiyanti et al., 2000 Lisdiyanti et al., , 2001 . Species were grouped in the light of similarities of 16S rRNA sequences. Symbols; +, growth; , no growth; v, variable; nd, no data available. Characteristics of the type strains are given in parentheses. a Data from our study.
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The major quinone of all the isolates was identifi ed as ubiquinone Q-9 (84.2 89.2%) ( Table 2) . Ubiquinones Q-8 (3.9 9.1%) and Q-10 (4.7 9.5%) were also detected from all the isolates as minor components. No correlation was found between the Groups and quinone compositions.
Cells of all the isolates were Gram-negative rods and aerobic. Spores were not formed. Strains in Group I showed motility, but those in Groups II and III did not indicate motility. All the isolates were catalase positive and oxidase negative, and oxidized acetate, lactate, and ethanol after 7 days cultivation. Colonies of the isolates were entire, smooth, butyrous, and creamcolored on the GYP agar plate. The growth on glutamate and mannitol agars was variable with strains ( Table 2 ). The growth on Hoyer-Frateur medium (De Ley and Frateur; 1974) and Frateur modifi ed Hoyer medium (De Ley et al., 1984) containing D-glucose, Dmannitol or ethanol was variable with strains as well. Gluconic acid was produced from D-glucose by all the isolates, but 2-ketogluconic acid and 5-ketogluconic acid were produced only by the strains in Group III. 2,5-Diketogluconic acid was not produced by any of the isolates. No isolates produced cellulose from glucose or dihydroxyacetone from glycerol. Acid production from sugars and sugar alcohols were variable with the isolate (Table 2) . They grew without acetic acid or with 0.35% (v/v) acetic acid. All the isolates grew at 10 to 37 C, but not at 4 C or 42 C. They grew at pH 3.5 to 8.0, but not at pH 3.0 or 9.0. Strains 1-35 T , 1-34, and 1-37 grew at pH 8.5. Growth occurred between 1 and 20% (w/v) of D-glucose, and no growth was observed on 30% (w/v) of D-glucose. Growth occurred between 0.5 and 10% (v/v) of ethanol, and no growth was observed on 15% (v/v) ethanol.
Discussion
All the eleven isolates showed phenotypical characteristics of the genus Acetobacter, which are the production of acetic acid from ethanol, the growth on 0.35% (v/v) of acetic acid, the oxidation of acetate and lactate, no acid production from dulcitol and sorbitol, and major ubiquinone Q-9 . Further, the strains were separated into three groups by phylogenetic analysis and chemotaxonomic characteristics. However, the phenotypic and chemotaxonomic characteristics of the three groups did not completely match with those of the related Acetobacter species (Table 3) . The seven isolates in Group I differed from A. fabarum, A. ghanensis, A. lovaniensis, and A. syzygii by the growth on ammoniac nitrogen with ethanol, the growth on 30% (w/v) of D-glucose, acid production from sugars, or the DNA G+C content. The two isolates in Group II differed from A. peroxydans by catalase reaction, the growth on ammoniac nitrogen with ethanol, the growth in 10% (v/v) of ethanol, and acid production from sugars. The two isolates in Group III differed from A. cerevisiae, A. farinalis, A. malorum, and A. orleanensis by the production of ketogluconic acids from Dglucose, the growth on 30% (w/v) of D-glucose, the growth in 10% (v/v) of ethanol, acid production from sugars, or the DNA G+C content.
The similarity of 16S rRNA gene sequences and DNA-DNA relatedness are a reliable way to identify the species. All the isolates in the three groups could be distinguished from the related Acetobacter species with the DNA-DNA relatedness. Furthermore, the isolates are separated from other Acetobacter species because the sequence similarity of the 16S rRNA gene is low enough for species differentiation of 98.7 99.0% recommended previously (Stackebrandt and Ebers, 2006) .
In conclusion, the eleven strains differed from the known species in the genus Acetobacter on the basis of morphology, biochemical and physiological characteristics, and phylogenetic position. Consequently, Acetobacter okinawensis sp. nov. is proposed for Group I, Acetobacter papayae sp. nov. for Group II, and Acetobacter persicus sp. nov. for Group III. Growth occurs on 10.0% (w/v) of ethanol. Growth occurs without acetic acid or with 0.35% (w/v) acetic acid. The major isoprenoid quinone is Q-9. The genomic DNA G+C content is 58.7 58.9 mol% (as determined with HPLC).
The type strain is Acetobacter persicus T-120 T (= JCM 25330 T = LMG 26458 T ), which was isolated from a peach fruit collected in Tottori Prefecture in Japan on July 23, 2007. The genomic DNA G+C content of the type strain is 58.7 mol%.
